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ABSTRACT 


To  delineate  differences  in  the  reslatancs  of  Irradiated  and  non  irradiated 
animals  to  live  tularemia  vaccine,  the  chronological  appearance  and  growth 
rate  of  LVS  in  the  lung,  liver,  spleen,  and  blood  of  guinea  pigs  were  studied. 
Nonlrradiacad  controls  and  guinea  pigs  having  raceived  140  R  three  days 
previously  were  exposed  via  the  respiratory  route  td  10^  calls  of  LVS  end 
sacrificed  at  intervals  frost  one  to  21  days,  No  major  difference*  were  noted 
in  the  time  of  appearance,  growth  rate,  maximum  organism  content,  or  tine 
oi  clearance  of  LVS  from  the  tissues  of  irradiated  end  nonisTadietad  animals; 
hence,  there  was  no  evidence  of  a  change  from  a  self- limiting  to  a  fulmi¬ 
nating  type  of  infection  resulting  from  irradiation  of  the  animals.  Also, 
no  appreciable  difference  in  the  time  of  appsaranee  of  agglutinins  or  maximal 
titer  was  noted  in  the  two  groups  of  anlsttls.  The  production  of  agglutinins 
in  irradiated  animals  in  response  to  vaccination  with  LVS  is  in  contrast 
to  the  reported  inhibition  of  antibody  rasponsa  in  animals  Inoculated  with 
killed  organisms  or  purified  antigens  subsequent  to  irradiation^ 
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EFFECT  OF  SURLETHAL  X- IRRADIATION  OF  GUINEA  PIGS 
ON  VACGTNAI,  TULAREMIA  INFECTION 


We  previously  reported  t-.hat  sublsthal  X-irradla tlon  of  guinea  pigs 
throe  days  prior  to  respiratory  exposure  to  normally  Innocuous  doses  of 
Pastnuralla  tularenals  vaccine  strain  LVS  resulted  in  25  par  cent 
mortality.*  No  differences  were  noted  between  irradiated  and  non* 
irradiated  animals  with  regard  to  febrile,  hematological,  serological, 
or  immune  responses.  The  present  study  was  designed  to  elucidate  any 
difference  in  the  growth  rate  of  LVS  in  the  tissues  of  irradiated  and 
nonlrradiated  animals.  In  addition,  the  appearance  of  serum  agglutinins 
was  determined. 

A  1000*KVP  X-ray  unit  was  used  for  irradiation.  Whole  body  exposures 
were  made  in  a  plsetic  wheel  cage  at  a  distance  of  100  cm;  dose  rates 
ranged  from  36  to  73  roentgens  (A)  per  minute.  Total  doso  delivered  to 
the  animals  was  140  R,  the  maximum  aublathal  dose  for  325-  tB.3'/5*lt, 
mBl*,  Hartley  strain,  guinea  pigs  used  as  the  ?*■*  *n  lamt.  Three  days 
following  Whole  body  irradiation,  groups  of  it  raiiUtuu  end  aonirradiatcB 
guines  pigs  were  permitted  to  inhale  Itf  viable  cell!  of  vaccine  strain 
(LVS)  contained  in  -  smell  particle  aerosol.  Four  lrredletsd  and  four 
nonirradlatad  animals  were  sacrificed  ar,  eight  intervals  ranging  from 
nii«  lo  21  days  fnl  lowing  aerosol  exposure.  Blood  was  collected  for 
serological  and  cultural  studies  and  the  left  lung,  spleen,  end  a  liver 
lobe  were  removed  asspticslly.  The  solid  tissues  vara  weighed,  moistened 
with  gel-saline,  snd  then  ground  In  Tan  Brosck  homogenises*.  Appropriate 
dilutions  were  prepared  from  all  tiseues  and  plated  on  glucoae  cysteine 
blood  agar  and  incubated  four  days  at  37*C.  This  tachniqua  allowed  tha 
calculation  of  the  number  of  viable  LVS  calls  par  g  of  tissue. 

Comparable  groups  of  animals  were  not  sacrificed  but  used  to  obtain 
data  on  survival  snd  subaaqusnt  lanunity.  _ 

The  growth  curves  of  LVS  in  ths  lungs  of  Irradiated  and  nonirradlatad 
animals  arc  shown  In  Figure  1.  Each  point  In  this  end  tha  following 
figures  represents  the  average  viable  count  of  £.  tularenals  par  g  of 
t is  Hue  and  was  based  9olely  on  samples  from  which  the  organism  was 
recovered.  Based  on  Impinger  recovery  the  inhaled  doso  of  LV3  per  g  of 
lung  tissue  should  have  been  approximately  4.0  x  10*  cells.  It  wan 
estimated  that  approximately  10  per  cant  of  the  dose  would  bp.  retained. 

If  the  curve  is  extrapolated  to  time  Eero,  the  value  would  be  approximately 
4.0  x  103 ,  precisely  the  predicted  retained  dose.  No  appreciable 
difference  in  ths  growth  rate  of  LVS  was  observed  in  the  lungs  of  irradiated  . 
and  nonlrradiated  animals.  A  logarithmic  increase  in  viable  population 


*  Nutter,  J.E.,  and  Bigelsbach,  H.T.  "Exposure  of  guinea  pigs  to  X- irradiation 
and  p,  tulareosls  of  reduced  virulence,"  Medical  Bacteriology  Division, 

U.S.  Army  Biological  Laboratories,  Frederick,  Maryland.  September  1964. 
(Technical  Manuscript  163) 


DAYS  AFTER  EXPOSURE 
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Pifura  1.  Growth  of  LVS  in  tho  Lung  of  Xrradlatad  and  Honlrr»dl*t»d 
Gu Inca  Fig*. 


occurred  from  Day  1  to  Day  3.  Max  law*  count*  par  g  of  tissue  wars  obtainad 
at  three  days.  Thereafter,  the  number  of  organisms  gradually  declined; 
none  were  recovered  frota  the  lungs  of  either  group  at  21  day*,  On  Day  8, 
the  lungs  o£  the  irradiated  and  nonirradiated  animals  contained  approximately 
10*  and  id3  viablo  cell*  per  g,  respectively.  Since  th*  lungs  of  irradiated 
and  nonirraUlated  anim*ls  had  previouBly  contained  a  much  greater  number  of 
cells  and  this  difference  occurred  during  clearance,  it  was  postulated  that 
a  log  difference  in  count  at  this  time  would  not  account  for  the  increased 
lethality. 

The  growth  curves  of  LVS  in  the  liver  are  shown  in  figure  2.  In  both 
irradiated  and  nonirradiated  animals,  the  organisms  first  appeared  two 
days  after  respiratory  exposure  and  maximum  growth  occurred  on  the  third 
day.  From  the  first,  through  the  sixth  day,  the  curves  were  similar.  On 
Day  8,  LVS  was  not  Isolated  from  nonirradiated  animals  whereas  approxi¬ 
mately  20  organisms  were  present  per  g  of  liver  of  Irradiated  animals.  LVS 
was  not  Isolated  from  the  liver  of  either  group  on  Days  14  and  21, 
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DAYS  AFTER  EXPOSURE 


figure  2,  Growth  of  LVS  In  the  Liver  of  Irradiated  end  Honlrrtdlatad 
Quinsa  Figs. 


j  p*  os*:;','  ~  )>ell.ele  *ul  I-V'*  tells  In  thu  XIiv 

two  groups  of  animal*.  Grganlew*  were  flret  recovered  on  the  second  dajrz 
nf  tor  oxposure .  A  logarithmic  incre«ie  In  LVS  wr*  evident  from  the  fir  at 
to  the  third  day.  With  the  possible  exception  of  data  ohteined  tight  daya 
after  uxpoeure  to  LVS,  no  difference  in  growth  rata  wee  observed  between 
the  Irradiated  ana  non irradiated  animals. 

The  maximum  LVS  population  par  entire  spleen  va»  only  500  organisms, 
far  below  tho  level  expected  in  the  case  of  an  active  or  fulminating 
infrction.  After  eight  deys  viable  counts  gradually  declined!,  .  LVS  -J_  _ 
was  not  recovered  from  tho  spteuna  of  animals  of  either  group  21  daye 
after  respiratory  exposure. 

LVS  was  isolated  only  sporadically  from  Lhu  blood  and  no  particular 
pattern  was  evident.  Viable  counts  were  of  the  order  of  five  to  ten 
organisms  per  ml. 

Tlie  agglutinin  response  of  irradiated  end  nonirredietsd  guinea  pig* 
is  shown  In  Table  T.  Agglutinins  were  first  observed  in  the  sera  of 
either  group  of  animals  eight  days  after  exposure  to  LVS.  The  titers  of 
all  animals  remained  positive  throughout  the  30  day  period.  In  general, 
agglutinin  titers  of  Irradiated  animals  were  lower  than  agglutinin  titers 
of  nonirradlatud  animals. 


(teovth  oi  LVB  tn  tlM  c(  IttalUM  *a4  BMlmAJatad 

CuIu^A  7*1*1.  . 
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Thirty  day*,  following  the  aerosol  enpoaure  to  th «* 

>3  per  .’nut  of  the  irradiated  vaccinated  group  held  for  observation  IumI 
di.d.  ?ew  death#  occurred  in  vaccinated  or  irradiated  ^“ola.  Anl«U 
of  each  group  were  challenged  mbcutaneoualy  with  IP*  cells  of  bi*bJ* 

tularenii*  SCHU  84,  All  nonvaceinated  mfMle,  i*r*dU**?t 

irradiated  and  nonlrradlated  ahow.d  reeiatanc.  to  the  chellange.  »««ver, 
nonlrradlated  vacclneea  exhibited  a  .lightly  highar  gr.da 
irradiated  vaccin.ee.  The  diftar.nce  in  iuwnity  wa  not  aa 

that  reported  in  tha  lltetatura  for  other  «icri JXSnS  t** 
the  poor  immune  reapon.e  of  irradiated  ar.ia.la  to  hilled  vaccin.a  In 

compor i»on  to  nonlrradlated  aniaala. 

In  general,  no  warhed  dlffarencea  Ware  noted  In  the  f routh  ratft, 
ma-rlmal  viable  population,  tlaa  of  appearance,  and  *JJd 

tn  the  blood,  lung,  livar,  and  apleen  of  . l««d i«.d  """i'JjJced 

411 gfSBb-wg 

xrzr*JS«  r 

the  mortality  reaponae  obaarvad  l* - 

rTtn-piM  woaed  to  noraally  U>MM  fM 
;  ^  a  .  U  v.«.l«  strain  LV8  U  "«  -rreUUd  with  .  Jo 

?I  T:eT=Sfjlfieel  r*ap«»M  o«  the  anl*»U  t»  Uv.  vaccine.  Also  no 
evidence  Tor  e  changn  from  a  .elf  limiting  to  «  fuUtnattng  typn  of 
infection  wa«  obtained, 


